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Abstract
Objective
This study assessed the influence of socioeconomic position at 12 years of age (SEP-12)
on the variability in cesarean rates later in life.
Methods
As part of the Portuguese Generation XXI birth cohort we evaluated 7358 women with a sin-
gleton pregnancy who delivered at five Portuguese public hospitals serving the region of
Porto (April/2005–September/2006). Based on the twelve items that described socioeco-
nomic circumstances at age 12, a latent class analysis was used to classify women’s SEP-
12 as high, intermediate and low. Multiple Poisson regression was used to estimate adjust-
ed risk ratio (RR) and respective 95% confidence interval (95% CI).
Results
The cesarean rates in high, intermediate and low SEP-12 were, respectively, 40.9%, 37.5%
and 40.5% (p = 0.100) among primiparous women; 14.2%, 11.6% and 15.5% (p = 0.04)
among multiparous women with no previous cesarean and 78.6%, 72.2% and 70.0% (p =
0.08) among women with a previous cesarean. A low to moderate association between
SEP-12 and cesarean rates was observed among multiparous women with a previous ce-
sarean, illustrating that women from higher SEP-12 were more likely to have a surgical de-
livery (RR = 1.12;95%CI:1.01–1.24 comparing high with low SEP-12 and RR = 1.03:95%
CI:0.94–1.14 comparing intermediate with low SEP-12) not explained by potential mediat-
ing factors. No such association was found either in primiparous or in multiparous women
without a previous cesarean.
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Conclusions
The association between SEP-12 and cesarean rates suggests the effect of past socioeco-
nomic context on the decision concerning the mode of delivery, but only among women who
experienced a previous cesarean. Accordingly, it appears that early-life socioeconomic cir-
cumstances drive cesarean rates but the effect can be modified by lived experiences
concerning childbirth.
Introduction
Europe has witnessed a marked increase in the frequency of cesarean delivery during the last
three decades [1] with 80% of the countries presenting rates that exceed the upper limit of 15%
proposed by the World Health Organization (WHO). [2] This is a matter of concern because
cesarean section has been associated with higher risk of severe maternal morbidity including
thromboembolism, [3] puerperal infection, [4, 5] hysterectomy, [3, 5] as well as abnormal pla-
centation in subsequent pregnancies. [5] The risk of major complications increases with the in-
creasing number of previous cesarean deliveries. [5] Unnecessary cesarean result in avoidable
suffering and wasted health care resources from unduly allocated staff, surgery procedures and
longer hospital stays. [6] Addressing this apparent epidemic of cesarean in countries such as
Portugal where cesarean rate was 36% in 2011, [7] is not only a challenge for obstetric care pro-
fessionals but also a broader public health issue.
Medical technologies coupled with an increase in obstetric interventions that influence the
time and the mode of birth, have been faced as the norm in childbirth and partly explain the
current trends of cesarean rates in Europe. [8, 9] Within this context of medicalized birth, pa-
rents and caregivers can negotiate, formally or informally, the decision to perform a cesarean
section. [10–12] In this process, ambiguities in diagnosis [13, 14] and the practice of defensive
medicine [15] allow non-clinical factors to become key elements in the decision-making pro-
cess. At the basis of such a decision is the encounter between the woman and her caregiver, in
which woman’s preferences and views regarding childbirth [16–19] and the clinician’s subjec-
tive interpretation of her obstetric risks and the perception of desired mode of delivery [10, 15]
are likely to influence the decision to proceed with cesarean.
Parents’ views on the safest and most fulfilling mode of delivery are shaped by embedded so-
cial relations; giving birth is an embodied experience where individual choices and actions are
influenced by the social structure. [20] A large body of research has shown a clear association
between cesarean rates and socioeconomic factors [11, 18, 21–27] apart from the woman´s ob-
stetric risk, [11, 21, 25, 26] even where access to health care services is not an issue. [11, 22, 26,
27] These findings suggest that woman’s preference or her ability to engage in the decision-
making process concerning mode of delivery, are likely shaped by her socioeconomic context,
which drives cesarean rates. Studies reporting this sort of influence on the mode of delivery
have mainly focused on women’s socioeconomic position at the moment of delivery. [11, 18,
21–28]
Growing evidence suggests that early socioeconomic context shapes the decision-making
process about health related choices, influencing health behaviors such as alcohol consump-
tion, [29–32] smoking, [31, 33–35] physical activity, [29, 30, 34, 36] and dietary intake. [29, 34]
According to a life course perspective there are sensitive periods when individuals are more
vulnerable to the socioeconomic factors [37, 38] and adolescence has been considered a crucial
time period in determining health behaviors and attitudes. [37]
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However, to the best of our knowledge, there is no published data on the influence of early
socioeconomic circumstances on cesarean rates. While early and current socioeconomic posi-
tions are correlated, [29, 39] it seems important to disentangle such influences in order to un-
derstand the factors that drive the decision-making process concerning the mode of delivery.
To gain a deeper understanding of the effect of socioeconomic factors on cesarean rates, we
evaluated the influence of women’s socioeconomic position at the beginning of adolescence (12
years of age) on having a cesarean delivery later in life.
Materials and Methods
In Portugal, where nearly all deliveries occur within hospitals, the National Health System pro-
vides antenatal, obstetric and neonatal care funded by public resources free of charge, at the
point of use, for all childbearing women and their babies. There is also a market supply of pri-
vate health care services. Although almost 40% of Portuguese pregnant women choose to have
prenatal care under private physicians, 90% of them deliver in public hospitals. [7] The majori-
ty of these deliveries take place in obstetric units that offer the highest level of obstetric and
neonatal care (level III). In the Portuguese National Health Service, cesarean is a medical deci-
sion based on guidelines in which maternal request is not recognized as an acceptable indica-
tion for surgical delivery.
Study sample
The participants were recruited during the assembling of a birth cohort (Geração XXI), in
Porto, in the North of Portugal. From April 2005 to August 2006, women delivered at the five
public maternity units in the Porto Metropolitan Area were invited to participate. After the re-
fusal of 8% of those invited, the final sample comprised 8495 women who delivered live born
infants (> 24 weeks) and 8351 of these women delivered a singleton baby. Individual inter-
views performed 24 to 72 hours after delivery by trained interviewers provided information on
demographic characteristics past and current socioeconomic circumstances, obstetric and gy-
necological history, lifestyles and current pregnancy events using a structured questionnaire.
Information on pregnancy complications, delivery circumstances and data on newborn charac-
teristics were abstracted from medical records.
The study was approved by the Ethics Committee of the University of Porto Medical
School/Hospital S. João and written informed consent was obtained from each participant. In-
formed consent on behalf of the children was obtained from the mothers in writing. Data were
anonymously analyzed both regarding the individuals and the hospitals where delivery
took place.
For the purpose of the present research we excluded twin pregnancies (n = 144), women liv-
ing with neither their mother nor their father at 12 years old (n = 617), and immigrant women
(n = 322) as classified elsewhere [40] or those with no information about migration status
(n = 51). Briefly, a woman was classified as immigrant if she was born abroad and both parents
were foreign-born or if one or both parents were Portuguese-born but woman moved to Portu-
gal at the age of 18 or later. Of the 7361 eligible mothers, 7358 (99.9%) had information allow-
ing their classification according to the socioeconomic circumstances when they were 12
years old.
Socioeconomic position at 12 years old
Based on retrospective recall at the time of delivery, we obtained information on twelve items
that we used to describe the socioeconomic position when the participants were 12 years of age
(SEP-12). Nine items asked about family assets: house ownership, heating system at home,
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washing machine, television, telephone, housemaid, bicycle, car ownership, and spending holi-
days away from home at least one week per year. Two items asked whether at 12 years old the
participants were members of a club or an association (cultural, sports or other). The final item
considered the number of years of schooling of the father (or of the mother if living only with
her) dichotomized using completed 4 years as the cutoff point. The response to each of these
items was considered as yes/no options and the information was used to develop a latent class
model in order to create distinct categories of social position. The questions on such items are
provided as supporting information (S1 Text).
Outcome
The study outcome was the mode of delivery, categorized as vaginal or cesarean section. This
information was obtained from medical records.
Covariates
The following variables were considered possible mediating factors in the association between
SEP-12 and the mode of delivery: maternal age, past obstetric history (classified as primiparous
and multiparous with or without a previous cesarean), completed years of schooling (<9, 9–12
and>12), current household income per month (=<1000; 1001–1500 and> = 1500 euros),
body mass index (<25.0, 25.0–29.9 and> = 30 Kg/m2), chronic diseases (e.g. hypertension, di-
abetes, asthma), type of antenatal care (only public services or at most one visit to a private
doctor or service), pregnancy complications (placental disorders, gestational diabetes, pregnan-
cy induced hypertensive disorders), the duration of pregnancy (<37, 37–40 and>40 weeks),
fetal presentation (cephalic or non-cephalic), the hospital where delivery took place (numbered
from 1 to 5) and sex-specific birth weight for gestational age (<10th percentile—small,> = 90th
percentile—large, and otherwise—adequate) according to a population-based reference. [41]
We considered the covariates as possible mediating factors rather than confounding factors be-
cause we can hipothetize plausible causal pathways between SEP-12 and the mode of delivery
by including all the covariates.
Statistical analysis
Women’s SEP-12 was obtained using latent class analysis (LCA) based on the twelve items ear-
lier described. The LCA considered that the performance of each participant in this set of items
was explained by a categorical latent variable with K classes, commonly called “latent classes”.
This approach allowed us to identify the optimal number of groups that capture heterogeneity
across the participants in their responses on such items, uncovering distinct groups of individ-
uals from the sample, homogeneous within the group. In this study, the number of latent clas-
ses was defined according to the Bayesian information criterion (BIC). We started the analysis
from one single class and we increased one class at each step. The BIC values decreased as the
number of classes increased and the best solution was identified when BIC values leveled-off.
Interpretation of the model was based on item profiles in each category, obtained from the
probabilities of endorsing each item response, conditional on class membership. [42, 43]
We tested several models, specifying between one and five latent classes. The BIC values de-
creased with increasing class numbers but leveled off between three and four (Table 1). The
three levels solution provided a more coherent interpretation of SEP-12. According to the la-
tent class model (Table 2), a decreasing prevalence of assets and indicators of wellbeing was
found as women were categorized as higher (class 1), intermediate (class 2) and lower (class 3)
social position at 12 years of age. LCA models were fitted using MPlus (version 5.2; Muthen &
Muthen).
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Given 32% of women included in the LCA presented a missing value in at least one of the
twelve items used to characterize past socioeconomic circumstances, we used full information
maximum likelihood estimation to handle missing values, assuming missing at random. [44]
The proportion of missing values in each of twelve items varied between less than 1% and 20%.
Sensitivity analyses allowed us to evaluate the effect of missing data on LCA by excluding from
the LCA the items with more than 15% of missing data (heating system at home, television and
father’s years of schooling> 4). The agreement between a model with 12 items and the model
with only 9 items was analyzed by using Cohen´s Kappa Statistics, which value (kappa = 0.85)
provides some assurance against substantial bias in the LCA. [45]
Multiple Poisson regression with robust variance was used to estimate adjusted risk ratio
(RR) and respective 95% confidence interval (95% CI). Given cesarean is a common event in
our setting (35% of all deliveries), this approach was preferred to logistic regression in order to
avoid overestimation of measures of association. [46]
Poisson regression analyses were stratified by the three categories of past obstetric history
(primiparous, multiparous with no previous cesarean and multiparous with previous cesarean).
A basic model with SEP-12 was fitted on mode of delivery and covariates were introduced in
the model based on a conceptual framework with three levels of determination defined accord-
ing to temporal relationships between variables. [47] The first level included maternal charac-
teristics that could be identified at beginning of pregnancy: maternal age, chronic diseases,
maternal body mass index, and current socioeconomic indicators (education level and house-
hold income per month). The second level incorporated variables associated with pregnancy
Table 1. Latent class analysis for socioeconomic circumstances at 12 years of age.
Number of classes Log likelihood Number of parameters BIC*
1 −50346.696 12 100801.496
2 −45338.813 25 90902.843
3 −44293.921 38 88930.173
4 −44116.760 51 88692.964
5 −43942.707 64 88461.971
*BIC—Bayesian information criterion
doi:10.1371/journal.pone.0119517.t001
Table 2. Marginal percentage of subjects with positive answer to the item in each assigned class of the 3-classes latent classmodel.
Total class 1 class 2 class 3item
7358 (100.0) 1752 (24.0) 3806 (52.0) 1800 (24.0)
house ownership 47.4 69.7 41.2 38.3
car ownership 54.2 95.5 55.2 14.2
television 97.0 99.7 100 88.5
bicycle 75.4 96.7 81.0 45.0
housemaid 10.7 40.7 1.4 1.0
spending holydays away home 38.8 90.6 30.9 6.4
telephone 70.5 98.1 84.6 18.0
washing machine 70.4 95.6 87.7 13.9
heating system 76.9 97.6 86.2 40.1
member of an association 27.9 41.4 25.4 20.2
member of a club 21.1 42.1 17.9 7.9
father’s years of schooling > 4 27.2 65.0 18.6 6.0
doi:10.1371/journal.pone.0119517.t002
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(type of antenatal care and pregnancy complications). The third level included characteristics
at delivery (gestational age, fetal presentation, sex-specific birth weight for gestational age and
hospital where delivery took place). From the basic model, multiple regression analyses were
conducted by adding covariates according to the following order of variable entry: (1) covari-
ates in the first level of determination; (2) covariates in the second level of determination and
(3) covariates in the third level of determination. At each level of determination, covariates
were checked one by one and were included in final models if they changed the RR estimates at
least by 10.0%. Variance inflation factors test and tolerance values were used to check co-lin-
earity between independent variables. Analyses restricted to women who are mostly close in
age (25–34 years old) and restricted to multiparous women with only a previous delivery were
also performed. In all Poisson regression models each categorical variable was introduced in
the model with an additional category for missing values Statistical analysis was performed
with IBM SPSS Statistics (version 19.0) and R (version 2.13.0). The level of significance was set
at p<0.05. Dataset is provided as Supporting Information (S1 Dataset).
Results
As shown in Table 3, the distribution of actual socioeconomic, demographical, clinical and
health care characteristics was significantly different according to the SEP-12. Women with a
less favorable SEP-12 were older, more frequently multiparous and obese and presented higher
proportion of pregnancy complications.
The prevalence of cesarean section was 38.9% in primiparous (40.9% in the high, 37.5% in
the intermediate and 40.5% in the low SEP-12 category; p = 0.100), 13.4% in multiparous with-
out previous cesarean (14.2% in the high, 11.6% in the intermediate and 15.5% in the low SEP-
12 category; p = 0.04) and 73.1% in multiparous with previous cesarean (78.6% in the high,
72.2% in the intermediate and 70.0% in the low SEP-12 category; p = 0.08).
Poisson regression analyses to explore the association between SEP-12 and the cesarean
rates were conducted separately by past obstetric history, using low SEP-12 as the reference
group (Table 4). The basic model reveals there were no differences in the risk of cesarean sec-
tion according to the SEP-12 among primiparous women. Among multiparous with no previ-
ous cesarean section, those belonging to the intermediate SEP-12 group were less likely to have
a cesarean when compared with women from the low SEP-12 group (RR = 0.75: 95%CI: 0.59–
0.94), but no differences were observed for women from the high group in comparison with
women from the low SEP-12 group. Instead, a gradient according to the SEP-12 was seen for
cesarean rates among multiparous women with previous cesarean, so that women from high
SEP-12 were more likely to have a surgical delivery. Considering low SEP-12 as the reference
group, the RR estimates were 1.12 (95%CI: 1.01–1.24) and 1.03 (95%CI: 0.94–1.14) for women
belonging to high SEP-12 and intermediate SEP-12, respectively.
Covariates were included in the models according to levels of determination previously de-
fined. Within each level of determination RR estimates were obtained when all covariates were
considered in the model (Table 4). Then variables were checked one by one in order to know
whether they should keep in the final model. Among primiparous women none of the covari-
ates changed RR estimates at least by 10%. Maternal age and current household income per
month explained differences in cesarean section according to the SEP-12 among multiparous
women without previous cesarean and such variables were included in the final model. Instead,
the gradient according to the SEP-12 for cesarean rates remained among multiparous women
with previous cesarean. In this group of women, covariates in the model did not substantially
change the RR estimates, whichever the level of determination. Variables included in final
Socioeconomic Position Early in Adolescence and Mode of Delivery
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Table 3. Sample characteristics according to the SEP-12.
Total According to the Socioeconomic Position at 12 years old
High Intemediate Low
n = 7358 n = 1752 n = 3806 n = 1800 p-value*
n (%) or mean ± standard deviation
Maternal age (years) 29.5±5.59 29.9±5.06 28.4±5.48 31.4±5.73 <0.001
Current education level (years)
<9 2200 (29.9) 84 (4.8) 1043 (27.3) 1073 (59.6) <0.001
9–12 3512 (47.7) 769 (43.9) 2141 (56.3) 602 (33.5)
>12 1638 (22.3) 896 (51.1) 619 (16.3) 123 (6.8)
missing 8 (0.1) 3 (0.2) 3 (0.1) 2 (0.1)
Current household income per month (euros)
= <1000 2511 (34.1) 276 (15.8) 1369 (36.0) 866 (48.1) <0.001
1001–1500 1875 (25.5) 388 (22.1) 1061 (27.9) 426 (23.7)
>1500 2003 (27.2) 865 (49.4) 890 (23.4) 248 (13.8)
Did not know/did not want to report 969 (13.2) 223 (12.7) 486 (12.8) 260 (14.4)
Past obstetric history
primiparous 4111 (50.9) 1108 (63.2) 2295 (60.3) 708 (39.3) <0.001
multiparous no previous cesarean 2307 (31.4) 415 (23.7) 1080 (28.4) 812 (45.1)
multiparous no previous cesarean 940 (12.8) 229 (13.1) 431 (11.3) 280 (15.6)
Body Mass Index (Kg/m2)
<25 4624 (62.8) 1255 (71.6) 2373 (62.3) 996 (55.3) <0.001
25–29 1487 (20.2) 260 (14.8) 784 (20.6) 443 (24.6)
> = 30 612 (8.4) 86 (4.9) 310 (8.1) 216 (12.0)
missing 635 (8.6) 151 (8.6) 339 (8.9) 145 (8.1)
Chronic pre-pregnancy disease
Yes 930 (12.6) 227 (13.0) 463 (12.2) 240 (13.3) 0.443
No 6416 (87.2) 1523 (86.9) 3333 (87.6) 1560 (86.7)
missing 12 (0.2) 2 (0.1) 10 (0.3) 0 (0.0)
Antenatal care
Only public services 4309 (58.6) 676 (38.6) 2358 (62.0) 1275 (70.8) <0.001
At least 1 visit at private services 2780 (37.8) 1034 (59.0) 1288 (33.8) 458 (25.4)
missing 269 (3.7) 42 (2.4) 160 (4.2) 67 (3.7)
Pregnancy complications
Yes 843 (11.5) 168 (9.5) 420 (11.0) 255 (14.2) <0.001
No 6483 (88.1) 1576 (90.0) 3372 (88.6) 1535 (85.2)
missing 32 (0.4) 8 (0.5) 14 (0.4) 10 (0.6)
Gestational age
<37 551 (7.5) 144 (8.2) 262 (6.9) 145 (8.1) 0.271
37–40 6321 (85.9) 1502 (85.7) 3288 (86.4) 1531 (85.0)
>40 480 (6.5) 105 (6.0) 253 (6.6) 122 (6.8)
missing 6 (0.1) 1 (0.1) 3 (0.1) 2 (0.1)
Fetal Presentation
cephalic 6833 (92.9) 1669 (93.0) 3534 (92.9) 1630 (92.7) 0.971
non-cephalic 414 (5.6) 99 (5.7) 216 (5.7) 99 (5.5)
missing 111 (1.5) 23 (1.3) 56 (1.5) 32 (1.8)
Sex-speciﬁc birthweight for gestational age
normal 5966 (81.2) 1424 (81.3) 3097 (81.4) 1445 (80.3) 0.761
Small (<10th percentile) 1094 (14.9) 261 (14.9) 564 (14.8) 269 (14.9)
(Continued)
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models and respective RR estimates for cesarean section by SEP-12 are also presented in
Table 4.
Analyses restrict to women aged between 25 and 34 years old (Table 5) and restricted to
multiparous women with only a previous delivery (Table 6) revealed similar results to those ob-
tained from analyses applied to the whole sample.
Discussion
We sought to examine the association between socioeconomic position at 12 years of age and
the probability of cesarean section later in life. Our results provide evidence that women with a
previous cesarean section constitute a particular group who showed a gradient according to the
SEP-12 for cesarean rates revealing that women from more socioeconomically advantaged
families were more likely to repeat a cesarean section. In contrast, socioeconomic circum-
stances at beginning of adolescence had no significant effect on the probability of cesarean sec-
tion among primiparous or multiparous women with no previous cesarean section.
The past obstetric history seems to have an effect on women´s preferences regarding the
mode of delivery; according to a recent systematic review, women who experienced a cesarean
section are more likely to prefer a surgical delivery than women without previous cesarean sec-
tion. [48] An unpleasant experience from a previous complicated birth leading to an emergen-
cy cesarean partially explains such preferences. [19, 49, 50] However, even women who
experienced a previous elective surgical delivery are also more likely to prefer a repeat cesarean.
[17, 19] While previous studies reported the preference for surgical delivery in women who ex-
perienced a previous cesarean, our findings add that variability in prevalence of repeat cesarean
delivery depends on women’s socioeconomic position at beginning of adolescence.
Decisions concerning the mode of delivery are the result of a complex interplay between the
woman and her caregiver, [51] partly because the best mode of delivery is not always clear-cut.
The main clinical indications to proceed with a cesarean section are fetal distress and dystocia.
However, the diagnosis of such obstetric conditions entails varying degrees of ambiguity which
preclude the appropriateness of obstetric intervention. [13, 14] In this medical context, the de-
cision concerning the mode of delivery could be influenced by other factors rather than obstet-
ric conditions. [10, 12] Such non-medical factors include the woman’s views, knowledge and
Table 3. (Continued)
Total According to the Socioeconomic Position at 12 years old
High Intemediate Low
n = 7358 n = 1752 n = 3806 n = 1800 p-value*
Large (> = 90th percentile) 277 (3.6) 63 (3.6) 137 (3.6) 77 (4.3)
Hospital where delivery took place
1 1734 (23.6) 324 (18.5) 931 (24.5) 479 (26.6) <0.001
2 1268 (17.2) 354 (20.2) 599 (15.7) 315 (17.5)
3 789 (10.7) 248 (14.2) 336 (8.8) 205 (11.4)
4 1793 (24.4) 497 (28.4) 894 (23.5) 402 (22.3)
5 1774 (24.1) 329 (18.7) 1046 (27.5) 399 (22.2)
Mode of delivery
vaginal 4761 (64.7) 1060 (60.5) 2510 (65.9) 1191 (66.2) <0.001
caesarean section 2597(35.3) 692 (39.5) 1286 (34.1) 609 (33.8)
* p-value for chi-square test; missing values were excluded from the computation
doi:10.1371/journal.pone.0119517.t003
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skills coupled with her experiences regarding childbirth [12, 17, 19] which interact with the
provider´s subjective interpretation of obstetric risk, [10, 12] the perception of a woman´s de-
sired mode of delivery and the fear of litigation when risks and benefits of surgical delivery are
under discussion. [15]
Women’s influence on the mode of delivery has been associated with socioeconomic factors.
Although in some settings, higher levels of maternal education are associated with lower rates
of surgical delivery, [11, 21, 24, 26] in other settings higher cesarean section rates were observed
among wealthier and more educated women. [22, 23, 25] All these studies addressed only the
latest socioeconomic position achieved by the pregnant women. However, a body of research
has suggested that, not only adulthood socioeconomic position, but also early socioeconomic
circumstances are likely to shape health-related choices and behaviors in adulthood, which im-
pact on rates of health outcomes. [29–36] Our study focused specifically on the contribution of
women’s early socioeconomic position to the prevalence of cesarean delivery.
Table 4. Risk ratio for cesarean delivery by SEP-12.
Primiparous Multiparous no previous
cesarean
Multiparous with previous
cesarean
n = 4111 n = 2307 n = 940
Variables included in the models at each stage SEP-12 RR (95% CI)
basic model Low 1 1 1
only SEP-12 Intermediate 0.92 (0.83–
1.03)
0.75 (0.59–0.94) 1.03 (0.94–1.14)
High 1.01 (0.90–
1.13)
0.92 (0.69–1.22) 1.12 (1.01–1.24)
basic model + variables considered in the ﬁrst level
of determination
Low 1 1 1
SEP-12 + maternal age+ body mass index + current
maternal education
Intermediate 1.03 (0.93–
1.15)
0.82 (0.65–1.05) 1.07 (0.96–1.18)
+ current household income per month + pre-pregnancy
chronic diseases
High 1.09 (0.97–
1.24)
0.98 (0.70–1.35) 1.13 (0.99–1.28)
basic model + variables considered in the second
level of determination
Low 1 1 1
SEP-12+type of antenatal care + pregnancy
complications
Intermediate 0.93 (0.84–
1.03)
0.76 (0.60–0.96) 1.02 (0.92–1.12)
High 0.98 (0.87–
1.10)
0.93 (0.68–1.27) 1.09 (0.98–1.22)
basic model + variables considered in the third level
of determination
Low 1 1 1
SEP-12+gestational age at delivery + birth weight for
gestational age
Intermediate 0.92 (0.83–
1.01)
0.77 (0.63–0.96) 1.03 (0.93–1.13)
+ fetal presentation + hospital where delivery took place High 1.02 (0.92–
1.13)
0.99 (0.76–1.30) 1.14 (1.03–1.26)
Final Model Low 1 1
Only SEP-12 Intermediate 0.92 (0.83–
1.03)
1.03 (0.94–1.14)
High 1.01 (0.90–
1.13)
1.12 (1.01–1.24)
Final Model Low 1
SEP-12 + maternal age + current household income
per month
Intermediate 0.81 (0.64–1.03)
High 0.92 (0.67–1.25)
doi:10.1371/journal.pone.0119517.t004
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A life-course approach to health recognizes that the environmental context at each life stage
reproduces a chain of risk and expectations that impact on health status, through a set of po-
tentially additive pathways. [37, 38] According to this perspective, health-related choices and
behaviors are shaped by socioeconomic circumstances from childhood to adulthood, which de-
termine variability in rates of health outcomes at adult age. [29–36] At the same time, other fac-
tors such as the embodied lived experiences, intersect with individual trajectories at each life
stage, creating new repertoires of perceptions and expectations concerning the management of
health risks. [29, 38, 52, 53] This means that socioeconomic context throughout life course has
an effect on health-related choices and behaviors. However, this effect is not irreversible and it
can be modified by the interplay of other circumstances that provide constraints or encourage-
ment for the expression of a particular health-related behavior. [29, 38] Our findings fit in this
framework. Firstly, we found variability in cesarean rates by SEP-12, which suggests the effect
of socioeconomic context at the beginning of adolescence in shaping a woman´s behavior
Table 5. Risk ratio for cesarean delivery by SEP-12 among women aged between 25 and 34 years old (n = 4545).
Primiparous Multiparous no previous
cesarean
Multiparous with previous
cesarean
n = 2647 n = 1369 n = 529
Variables included in the models at each stage SEP-12 RR (95% CI)
basic model Low 1 1 1
only SEP-12 Intermediate 0.98 (0.87–
1.11)
0.89 (0.65–1.22) 1.07 (0.92–1.23)
High 0.99 (0.86–
1.13)
1.02 (0.69–1.51) 1.17 (1.01–1.37)
basic model + variables considered in the ﬁrst level
of determination
Low 1 1 1
SEP-12 + maternal age+ body mass index + current
maternal education
Intermediate 1.04 (0.91–
1.19)
0.88 (0.64–1.21) 1.10 (0.94–1.28)
+ current household income per month + pre-pregnancy
chronic diseases
High 1.06 (0.91–
1.23)
0.99 (0.63–1.54) 1.18 (0.98–1.43)
basic model + variables considered in the second
level of determination
Low 1 1 1
SEP-12+type of antenatal care + pregnancy
complications
Intermediate 0.98 (0.87–
1.12)
0.90 (0.66–1.23) 1.05 (0.91–1.22)
High 0.98 (0.85–
1.13)
1.03 (0.68–1.57) 1.16 (0.99–1.36)
basic model + variables considered in the third level
of determination
Low 1 1 1
SEP-12+gestational age at delivery + birth weight for
gestational age
Intermediate 0.95 (0.85–
1.07)
0.87 (0.65–1.15) 1.06 (0.92–1.22)
+ fetal presentation + hospital where delivery took place High 1.00 (0.88–
1.14)
1.07 (0.74–1.54) 1.19 (1.02–1.39)
Final Model Low 1 1
Only SEP-12 Intermediate 0.98 (0.87–
1.11)
1.07 (0.92–1.23)
High 0.99 (0.86–
1.13)
1.17 (1.01–1.37)
Final Model Low 1
SEP-12 + maternal age + current household income
per month
Intermediate 0.89 (0.65–1.22)
High 1.02 (0.69–1.51)
doi:10.1371/journal.pone.0119517.t005
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towards childbirth. Secondly, according to our results such an effect was modified by different
experiences concerning childbirth; the effect of early socioeconomic context had no expression
among women with no experience of a surgical delivery but was evident among women with a
previous cesarean section.
Variability in rates of elective and emergency cesarean section has been associated with
women´s preferences for cesarean section. [17] However, women with higher education levels
are more likely to have preferences for a cesarean section fulfilled probably because they have
more skills to engage in the decision-making process. [17] If women who experienced a cesare-
an section are more likely to prefer a surgical delivery, [48] variability in cesarean rates by SEP-
12 we found in this group of women could be explained by differential skills to interact with
care providers.
A major strength of this study is the large set of data on sociodemographic characteristics,
gynecological history and current pregnancy events, which allowed us to check multiple poten-
tial mediating factors for the association between cesarean section and the exposure of interest.
Furthermore, we used a comprehensive conceptual framework in which potential mediating
factors were considered according to three levels of determination [47] to understand whether
the association between SEP-12 and cesarean section could be explained by factors identified
chronologically at begin of pregnancy, during pregnancy and at delivery.
Some consideration must be given to the limitations of this study. Data collection on a large
set of variables is usually based on long questionnaires that are tiring to fill out and so missing
data are almost unavoidable. [44] Indeed, in our study one third of the women included in
LCA had no information on at least one of the twelve items used to characterize past
Table 6. Risk ratio for cesarean delivery by SEP-12 amongmultiparous womenwith only a previous delivery (n = 2403).
Multiparous no previous
cesarean
Multiparous with previous
cesarean
n = 1670 n = 733
Variables included in the models at each stage SEP-12 RR (95% CI)
basic model Low 1 1
only SEP-12 Intermediate 0.80 (0.60–1.05) 1.05 (0.94–1.17)
High 0.90 (0.64–1.27) 1.12 (0.99–1.26)
basic model + variables considered in the ﬁrst level of
determination
Low 1 1
SEP-12 + maternal age+ body mass index + current maternal
education
Intermediate 0.91 (0.69–1.21) 1.10 (0.98–1.24)
+ current household income per month + pre-pregnancy chronic
diseases
High 1.09 (0.75–1.60) 1.17 (1.00–1.36)
basic model + variables considered in the second level of
determination
Low 1 1
SEP-12+type of antenatal care + pregnancy complications Intermediate 0.81 (0.61–1.07) 1.04 (0.93–1.16)
High 0.95 (0.66–1.37) 1.11 (0.98–1.26)
basic model + variables considered in the third level of
determination
Low 1 1
SEP-12+gestational age at delivery + birth weight for gestational
age
Intermediate 0.79 (0.61–1.02) 1.03 (0.93–1.15)
+ fetal presentation + hospital where delivery took place High 0.97 (0.70–1.34) 1.13 (1.00–1.28)
Final Model: Low 1 1
Only SEP-12 Intermediate 0.80 (0.60–1.05) 1.05 (0.94–1.17)
High 0.90 (0.64–1.27) 1.12 (0.99–1.26)
doi:10.1371/journal.pone.0119517.t006
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socioeconomic circumstances. However, less than 3% of women had missing values on more
than three items. The LCA allowed us to classify women based on a multidimensional set of
items providing a detailed description of what defines more or less advantageous socioeconom-
ic circumstances when women were 12 years old. However, information on such items was
based on recall at time of delivery that would likely have resulted in exposure misclassification.
Furthermore, questionnaires used to collect the data were not validated in the Portuguese con-
text. Still, in accordance with other researchers, [43] we recognized that LCA results depend on
the items entered into the latent class model. Thus, the classification of women according to
the socioeconomic circumstances at the beginning of adolescence was a crucial issue.
Socioeconomic position is a complex attribute encompassing material and non-material re-
sources, both crucial concerning health-related choices. [39, 54] Asset-based indicators have
been commonly used to assess material resources, known as economic capital. [54] Non-mate-
rial resources encompass informational resources, knowledge and skills, usually referred to as
cultural capital, as well as a set of relationships with networks and other social structures, called
social capital. [55] The dominant measures of cultural capital used for epidemiological studies
in high-income countries focus on institutionalized knowledge and skills (years of formal edu-
cation completed or qualifications attained). [39] Social capital has been assessed through
membership of community organizations (hobby or sports groups, or civic or social organiza-
tions). [43, 56] In this study we intended to characterize socioeconomic circumstances by using
material and non-material indicators when women were aged 12 years. We considered the in-
formation on ownership of a range of household amenities as an attempt to measure early-life
material living conditions. We also included membership of the participants, when they were
12 years of age, of a club or association as a proxy of family´s relationship with the community.
The cultural capital evaluation of women’s parents included the completion of elementary
school, seen as an attempt to capture knowledge-based assets of women´s parents. For people
born before 1966 in Portugal (99% of women’s parents were born before 1966), elementary
school corresponds to 4 years of schooling and few people had access to high school. This is the
reason why we used 4 years as cut-off to classify women’s parents according to the formal
education completed.
The asset-based indicators that we use in this study to characterize past socioeconomic posi-
tion could have a different meaning across countries, particularly if there are large differences
in socioeconomic indicators between them. This is the reason why we excluded immigrant
women from our analyses.
We thought that the asset-based indicators could also have a different meaning across years,
given the natural development of Portuguese society. In our sample, women were aged between
14 and 45 years and thus they were born between 1960 and 1992. We attempted to deal with
this issue by estimating risk ratios for cesarean section according to the SEP-12 among women
who are mostly close in age (25–34 years old). We were also concerned about potential con-
founding due to the number and the mode of previous deliveries being linked to both past so-
cioeconomic context and cesarean rates. Indeed, among women who experienced a surgical
delivery, the likelihood of vaginal birth in the current delivery decreases as the number of previ-
ous cesarean deliveries increases [57] but this likelihood rises with an increasing number of
vaginal births after a cesarean section. [58] Therefore, the number and the mode of previous
deliveries could influence the decision to proceed with a cesarean section in the current deliv-
ery. In order to address this issue we limited our analysis to women with only one previous de-
livery. All restricted analysis we performed revealed similar results to those obtained from
analyses applied to the whole sample, suggesting that our results were unlikely to have been bi-
ased by potential cohort effects or by the number or the mode of previous deliveries.
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In summary, this study showed variability in cesarean rates driven by the women´s socio-
economic position at 12 years old, among women with a previous cesarean section. Although
the strength of association between these factors is low to moderate, such relationship is not ex-
plained by other factors that are usually related with the mode of delivery. While we recognize
that a full explanation of the decision-making process concerning mode of delivery requires an
understanding of women´s and health professionals’ views on the reasoning behind their op-
tions, further research is needed on factors influencing cesarean delivery throughout the
life course.
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